Abstract: Probiotics are live microorganisms that, when administered in adequate amounts, confer a health benefit on the host, mainly through the process of replacing or including beneficial bacteria in the gastrointestinal tract. Fermented dairy foods such as yogurt, fermented milk and cheese are the major vehicle in delivering probiotics, and probiotic delivery have been traditionally associated with these fermented dairy foods. Additionally, many other non-dairy probiotic products and non-food form such as capsules, pills and tablets are also available and some of these non-food forms are highly popular among the consumers. Certain non-dairy probiotic foods, especially beverages that are non-fermented products, can also play an important role in probiotic delivery. There is an increasing demand for non-dairy probiotic foods (both fermented and non-fermented) including fruit and vegetable juices, soy and certain cereal products due to vegetarianism, lactose intolerance and dairy allergies, as well as interest in low cholesterol foods. In this context, this review mainly focus on the different types of probiotic food products including beverages with special reference to their viability followed by a brief account on the applicability of using fermented and non-fermented beverage products in probiotic delivery.
Probiotics: A Brief Overview
In recent years, probiotic foods have received a considerable attention among health-conscious consumers. According to the Food and Agriculture Organization of the United Nations and the World Health Organization [1] , probiotics are defined as live microbial cultures of a single strain or mixture of different strains that beneficially affect the host animal, either directly or indirectly, by improving its intestinal microbial balance. Utilization of beneficial microorganisms in health promotion is not new, and in fact they have been consumed by humans, especially in the form of fermented dairy foods, for many years [2] . In the early 1990s, Noble Laureate, Elie Metchnikoff (1845 Metchnikoff ( -1916 observed exceptionally long healthy living among Bulgarians who regularly consumed soured/fermented dairy products, and then first documented the modern concept of probiotics in his book "The Prolongation of Life" [3] . Since then the use of probiotics in developing functional foods has gained a wide popularity in the world mainly due to the interest in gaining health benefits through consumption of probiotic fortified food products. The most common genera that have been used and possess probiotic characteristics are the lactic acid bacteria Bifidobacterium and Lactobacillus.
The human gastrointestinal tract contains trillions of microorganisms, consisting of up to 1000 or more different bacterial species, collectively known as the gut microbiota. The gut microbiota plays an important role in host health, influencing the maturation of the immune system and regulating energy metabolism [11] . In general, it is accepted that intake of probiotics contributes to the enhancement and maintenance of well-balanced intestinal microbiota. Many evidences support the use of these probiotics in prevention and treating diseases and health disorders such as high blood pressure & serum cholesterol, lactose intolerance [12] and many gastrointestinal disorders (irritable bowel syndrome, Crohn's disease, peptic ulcers, antibiotic associated diarrhea, etc.) [13] [14] [15] [16] . Probiotics also possess anti-carcinogenic effects [17] [18] [19] and enhance the immune system [20, 21] . Some examples of probiotic potential for therapeutic applications have been listed in Table 2 . Table 2 . Examples of beneficial effects of therapeutic probiotic application in humans.
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Antibiotic-associated diarrhoea in adults [36] Adapted and modified from [37] .
For probiotic bacteria in foods to be beneficial in the host, they should be able to survive gastric transit and reach the small intestine in sufficient numbers to be effective. Hence, in order to provide health benefits to the host, probiotics should maintain minimum therapeutic level/minimum viability level (10 6 -10 7 cfu/mL or g of carrier food product) at the time of consumption, possess the ability to tolerate harsh gastric and intestinal conditions (including acid, bile and enzymes) and be able to attach to the gut epithelium [38, 39] . A potentially successful probiotic strain is expected to have several more desirable properties (Table 3 ) and these characteristics may influence its potential for the commercial applications. Probiotics can exert their effects by one or more actions, e.g., creation of a restrictive physiological environment for potentially pathogenic microorganisms. These effects are achieved by lowering the pH through production of organic acids, such as lactate and short chain volatile fatty acids, due to break-down of complex carbohydrates [44] or elaboration of antibiotic-like substances such as bacteriocin-like compounds [45] . Certain probiotic bacterial species, such as lactic acid bacteria, can adhere to the intestinal epithelium and thereby prevent invasion by pathogenic bacteria such as Escherichia coli, Salmonella and Clostridium spp. in the gut epithelium and this phenomenon is known as competitive exclusion. Feeding probiotics may also help to modulate the cellular and humoral immune system thereby enhancing the host's resistance to enteric pathogens [38, 46] .
Dairy vs. Non-Dairy Food Matrices
Dairy products such as yogurts, fermented sour milk and cheese remain at the forefront of probiotic food development at present. Although fermented dairy foods can be considered as one of the most common as well as the traditional modes of delivering of probiotics to humans, at present, many non-dairy as well as non-traditional and convenient probiotic products, such as capsules, have been developed and commercialized in many countries [47] . Soy products, cereal based products, fruit and vegetable juices, and fermented meat and fish products can be considered as main non-dairy probiotic foods available in the market at present. There are many different types and brands of non-dairy probiotic foods as well. The diversity of probiotic food products is summarized in Table 4 . Many studies have clearly indicated that the type of carrier foods could affect not only the viability of probiotics during processing and storage, but also on their functional properties, such as susceptibility to adverse conditions in the gut (acidity, bile and various enzymes), capacity to adhere to gut epithelium and immunomodulation [39, 48, 49] . The incorporation of probiotics into dairy foods may aid in tolerating harsh gastro-intestinal condition better than that of non-dairy carrier foods, as the buffering action of milk as well as milk fat, might protect probiotics in such conditions by reducing their direct exposure to harsh conditions [2] . Dairy foods rich in milk fat, such as ice cream, were found to be more effective in enhancing the survivability and bile acid tolerance of probiotics [50] . However, the physical structure of non-dairy probiotic carrier foods such as vegetables (for example artichokes and olives) might provide protective environment for probiotics and reduce their exposure to harsh gastrointestinal conditions as well [51] . Sausage matrix and microstructure have also shown a potential in retaining the viability of probiotics through gastrointestinal transit [52, 53] . Adapted and modified from [37, 51] .
Nevertheless, both dairy and non-dairy products may contain various other ingredients such as prebiotics (ingredients which ferment in the latter part of the gastrointestinal tract and stimulate the growth and activity of beneficial gut microbes) that could interact with probiotics to alter their functional properties [105] . Presence of these substances could be specific to certain carrier foods. For example, naturally, milk does not contain inulin (plant derived polysaccharide with prebiotic properties), yet certain root vegetables/rhizomes, fruits and cereals (artichoke, oat, bananas, garlic, onions, leeks) contain high level of inulin. Nevertheless, there is also a possibility of production of probiotic dairy products by incorporating various prebiotics such as inulin or its breakdown products (fructooligosaccharides and oligofructans). Prebiotic oligosaccharides are essentially obtained by one of three processes: direct extraction of natural oligosaccharides from plants, controlled hydrolysis of natural plant polysaccharides, and enzymatic synthesis, using hydrolases and/or glycosyltransferases [106] . Apart from the direct prebiotic activities, many plant and microbial derived oligosaccharides help to deliver the probiotic organisms to the target sites. The encapsulation of probiotic organism with such compounds prevents the gastrointestinal digestion of the probiotic organism enabling them to be present at large intestine which is the target site of probiotics [107] . Prebiotics from plant sources such as Arrowroot (Maranta arundinacea) carbohydrates and Raftilose ® (commercially available inulin) can be used to enhance the survivability of Lactobacillus sp. and lactic acid bacteria in bio-yoghurt during refrigerated storage [108] . These prebiotic substances may aid probiotics to survive through the gastrointestinal transit and colonize in the large intestinal epithelium. Another study [46] revealed that supplementation of broiler chicken feed with specific prebiotic compounds supported the growth of specific probiotic Lactobacillus spp. such as L. johnsonii in their ileum and caeca. Therefore, careful selection of probiotics, prebiotics and carrier food matrices (both dairy and non-dairy) when produce probiotic foods is essential in maximizing the functional efficacy of probiotics during manufacturing, storage and upon ingestion. It seems likely that in most cases the carrier food matrices possess synergistic effect on probiotic microorganisms during processing as well as in the gastrointestinal environment [2] . However, questions about such synergistic effects may arise when non-food probiotic carriers such as capsules are used.
Many probiotics with potential health benefits have be isolated from the gastrointestinal tract of healthy humans (human origin). There are some non-human sources as well. Raw cow's milk is considered as an excellent source of probiotic bacteria [109] . Usually heat treatments such as pasteurization and sterilization destroy these beneficial microorganisms in raw milk, however better synergistic effect may be expected through re-introduction of such probiotics into milk when produce dairy products mainly due to their dairy origin. Efficacy of dairy origin probiotics when incorporated into non-dairy foods could be significantly affected and in line with this, more research is needed to discover the effect of functional properties of dairy origin probiotics when incorporate into non-dairy food matrices including beverages. However, the development of probiotic containing dairy products is not always easy and requires the overcoming of certain technological intrinsic requirements related to their processing stages. For example, selection of probiotic strains withstanding freezing is essential in production of probiotic ice cream despite its origin [50] .
Although there are many benefits of having probiotics with dairy foods, non-dairy probiotic foods also play a significant role in human health. For instance, there are major drawbacks related to dairy foods such as allergy, lactose intolerance and cholesterol content, hence non-dairy probiotic foods are beneficial for the people having such health disorders. Furthermore, cultural (strict vegans) as well as specific religious believes among certain communities may also limit the consumption of dairy foods. In such situations, non-dairy probiotic carrier foods and convenient mode of deliveries such as tablets could be the only way of providing probiotics. Each probiotic strain is unique in many aspects such as optimum growth conditions and growth medium. Consequently, the selection of probiotics which perform better or equally in non-dairy foods compared with dairy foods may be useful in developing non-dairy probiotic food [110] [111] [112] [113] . In general, most non-dairy probiotics are beverages. In this context, it could be argued that non-dairy probiotic carriers including beverages may be equally importance as dairy related carriers in terms of human health and nutrition. Some commercially available non-dairy probiotic beverages are shown in Table 5 . 
Fermented vs. Non-Fermented Beverages
Fermentation technology is one of the oldest food technology applications and fermented products are the result of the metabolic activity of a complex microbiota, consisting of the naturally occurring indigenous microorganisms, and/or selected microorganisms such as bacteria and yeasts which inoculated as starter cultures. Fermentation of food products helps their preservation due to the organic acid production as well as imparting them pleasant sensory properties and additional nutritional values [52] . In terms of probiotic beverage production, fermentation process is not compulsory (Figure 1 ). There are many types of probiotic fermented milk in the global market produced under various brand names. Major physicochemical properties of probiotic fermented milk products vary basically on the type of probiotic microorganism, type of milk and use of other starter cultures in the product. In addition, fermented probiotic dairy products vary in their textures ranging from liquid drinks such as acidophilus milk and kefir to semi-solid/ropy or firm products such as drinking yogurt and villi [115] . Microorganisms used in starter cultures are of great industrial significance since they play a vital role in flavour and textural development of fermented food products. These starter cultures may not necessarily possess probiotic properties. For example, the term "probiotics" may not be suitable for yogurt starter cultures (Streptococcus thermophilus and Lactobacillus delbrueckii spp. bulgaricus) due to their poor survival in the digestive tract [6] . However, some beneficial health promoting effects of yogurt starter cultures including improved lactose utilization and enhancement of immune system have also been reported [116, 117] . In addition to the starter culture microorganisms, various probiotics can be added during the production of fermented food products including beverages to achieve the therapeutic benefits. Having starter cultures in probiotic products may provide benefits as well as some disadvantages. For example, starter cultures may create a suitable environment for probiotic growth during yogurt manufacturing. Yogurt starter culture bacteria, in particular S. thermophiles, are also identified as oxygen scavengers and thus may be beneficial in improving the growth and viability of anaerobic probiotics. These starter cultures were previously demonstrated to complete the fermentation of milk within 5-10 h and utilised most of the oxygen in milk [118] . In contrast, variations in the starter cultures and probiotic combinations may also influence the probiotic viability in the final product due to antagonistic or symbiotic relationships [37] . However, other options have been showing interesting, as the addition of enzymes [119] and should be considered for dairy and non-dairy processors to guarantee the viability of the probiotic strain during commercial shelf-life of the products. [119] and should be considered for dairy and non-dairy processors to guarantee the viability of the probiotic strain during commercial shelf-life of the products. The majority of the probiotic dairy beverages in the present-day market can be categorized into fermented products (Figure 1) . Based on the type of microorganisms involved in the fermentation, these dairy beverages can be classified into different categories (Table 6 ). Many non-dairy probiotic carriers such as fruit and vegetable juices are however produced mainly without fermentation since fermentation may cause undesirable sensory properties in such products [10] due to various factors such as acidity development, changes in viscosity, texture and colour. Production of fermented and non-fermented fruit and vegetable juices can be very similar with only one additional step of fermentation when manufacture fermented juices (Figure 2 ). In terms of achieving desirable food characteristics, fermentation is a complex process and selecting appropriate conditions such as optimum temperature during fermentation is a critical parameter that must be considered to prevent lethal or sub-lethal damages to the probiotic cells during the processing and subsequent storage. These conditions affect the biomass yield as well [121] . Duration of fermentation (full or partial fermentation) may also affect the quality of the final product. Partial fermentation of dairy foods could results drinking dairy beverages and recently there has been high demand for such products [56] . Further, probiotics in fermented foods may demonstrate better stability in the product as fermentation time can provide them an opportunity to grow and stabilize well [50] . However, despite the variations in the production process and possible disparities in product's physico-chemical, The majority of the probiotic dairy beverages in the present-day market can be categorized into fermented products (Figure 1) . Based on the type of microorganisms involved in the fermentation, these dairy beverages can be classified into different categories (Table 6 ). Many non-dairy probiotic carriers such as fruit and vegetable juices are however produced mainly without fermentation since fermentation may cause undesirable sensory properties in such products [10] due to various factors such as acidity development, changes in viscosity, texture and colour. Production of fermented and non-fermented fruit and vegetable juices can be very similar with only one additional step of fermentation when manufacture fermented juices (Figure 2 ). In terms of achieving desirable food characteristics, fermentation is a complex process and selecting appropriate conditions such as optimum temperature during fermentation is a critical parameter that must be considered to prevent lethal or sub-lethal damages to the probiotic cells during the processing and subsequent storage. These conditions affect the biomass yield as well [121] . Duration of fermentation (full or partial fermentation) may also affect the quality of the final product. Partial fermentation of dairy foods could results drinking dairy beverages and recently there has been high demand for such products [56] . Further, probiotics in fermented foods may demonstrate better stability in the product as fermentation time can provide them an opportunity to grow and stabilize well [50] . However, despite the variations in the production process and possible disparities in product's physico-chemical, sensory, nutritional and therapeutic properties, modern health conscious consumers have a strong demand for both fermented and non-fermented probiotic food products, especially for probiotic beverages [10, 122] and this fact can be an advantage for increase the sales of these beverage products. Adapted and modified from [115, 123] . 
Conclusions
Fermented dairy products remain at the forefront of probiotic delivery. However, the variety of non-dairy foods both fermented and non-fermented nature is available and these products also play a significant role in delivering probiotics to humans. Generally, most probiotic beverages, in particular those with fruit and vegetable origin are non-fermented formulations. The efficacy of probiotics when delivered through fermented vs. non-fermented status of a particular carrier food 
Fermented dairy products remain at the forefront of probiotic delivery. However, the variety of non-dairy foods both fermented and non-fermented nature is available and these products also play a significant role in delivering probiotics to humans. Generally, most probiotic beverages, in particular those with fruit and vegetable origin are non-fermented formulations. The efficacy of probiotics when delivered through fermented vs. non-fermented status of a particular carrier food matrix with special reference to beverages has not been studied thoroughly and in order to reap the maximum benefits of probiotics, further research in this aspect is needed. Simultaneously, sensory tests should be applied to evaluate the consumer's acceptance of these beverage products, providing more optimized formulations.
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